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The work of Schoenheimer and his collaborators (1) established that most 
of  the  constituents of non-proliferating tissues  undergo continual material 
replacement at rates measurable in days. The rate of desoxypentose nucleic 
acid (DNA) replacement is notably less,  however, and probably cannot be 
distinguished from cellular replacement in adult tissues  (2, 3). 
Recently, Stevens eta/. (4) have attempted to measure the rate of replace- 
ment of DNA in actively growing tissues. Their results seem to show that the 
replacement in dividing cells  is  very fast indeed, but  this conclusion  must 
be regarded as controversial for the present (5). 
Unicellular microorganisms are well suited to experimentation along these 
lines. Populations consisting of a single cell type can be labelled with isotope 
in a variety of ways, and the retention of isotope during subsequent growth in 
isotope-free  medium can be measured under environmental conditions sub- 
ject  to  rather complete experimental control. The multiplication itself can 
be measured with precision,  and with assurance that all or most of the cells 
are multiplying. 
In spite of these favorable circumstances, replacement of phosphorus (6), 
nitrogen (7), RNA (8), DNA (9), adaptive enzyme activity (10), or radioac- 
tivity  (11)  during growth of microorganisms has not been observed.  Some 
replacement of labelled protein has been reported (12), but the replacement 
depended in an unexplained way on shifts from one culture medium to another, 
and was not correlated with growth. More important in the present connec- 
tion, these experiments showed clearly that multiplication of cells labelled in 
arginine could occur without replacement of the labelled arginiue by arginine 
supplied in the culture medium. 
The uniformity of these results leads one to  ask whether unicellular or- 
ganisms,  owing to their peculiar ecology, may not have developed economical 
ways to m~irn|ze losses from cells to medium. If this were so, replacement of 
atoms in a specified substance could not be detected as a net loss of isotope 
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from the cells. It could, however, be detected as an intracellular shift of isotope 
from one substance to another, as from RNA to DNA (9) or from adenine to 
guanine. Such shifts should, moreover, respond in a predictable way to com- 
petitive substrates supplied in the culture medium, 
The experiments described below were designed with  these considerations 
in mind, and also differ from most previous experiments in spanning severa 
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Fzo. 1.  Total DNA and RNA phosphorus,  determined as continuously assimilated 
P", and conserved phosphorus,  determined from a parallel culture containing only 
preassimilated  P=,  observed during 6 generations  of bacterial growth. The cultures 
contained 5  ×  106 uniformly labelled calls per ml. at the start of the experiment. 
generations of growth. Nevertheless, we have not detected any replacement 
of atoms in the nucleic acids of Escherichia coli. 
tm-labdled  cells.--Fig.  1 shows that  there is little or no unequal exchange 
of phosphorus between RNA and DNA,  and no significant loss from either, 
during  6  generations  of bacterial growth.  If  the  phosphorus  in  either  sub- 
stance is subject to exchange with common precursors, the rates in both direc- 
tions for both substances must be proportional to the net rates of synthesis, 
or very slow relative to these. The methods of analysis have been described 
earlier (13). A.  V.  HERSHEY  147 
C14JabeUed  ce/2~.--Table  I  shows  that  when  uniformly  Ct4-1abelled  cells 
multiply through 6  generations in the presence of any one of  several nucleo- 
sides,  there is no measurable change in the amounts or  distribution  of radio- 
activity  among  the  purines  or pyrimidines  of  the  bacterial  DNA.  Most  of 
these nucleosides compete effectively with glucose as a  source of nucleic  acid 
carbon,  and  the  competition  is  specific  as  to  purines  and  pyrimidines  (14). 
TABLE I 
Coasefv~ion~DNA Pu~ne~a~ P~im~ines 
Experiment  Competitor 
Start 
Thymidine 
Start 
Desoxyadenosine 
Desoxyguanosine 
Desoxycytidine 
Uridine 
DNA-O4  per 1014 starting bacteria 
Guanine 
46 
53 
51 
53 
54 
56 
44 
80 
51 
73 
48 
93 
Adenine 
45 
48 
51 
54 
49 
56 
55 
56 
54 
51 
54 
52 
I Cytosine __ 
38 
43 
45 
53 
45 
52 
6O 
59 
57 
58 
61 
59 
56 
57 
Thymine 
52 
52 
51 
53 
55 
64 
74 
77 
63 
63 
65 
64 
73 
68 
The cells were labelled by growth for 4 generations  in CU-invert sugar, 0.025/~c./pg.  C, 
washed, and allowed to grow for 30 minutes in non-radioactive invert sugar. At this time a 
sample containing  109 cells was precipitated  with cartier  DNA for analysis,  and identical 
starting samples were transferred  to 100 ml. of the non-radioactive  medium containing 0.2 
mg./ml, of competitor.  Free growth continued  in these for 6 generations at one generation 
per hour.  Entire terminal  cultures  were fractionated,  and 40 per cent of each hydrolysate 
was applied to a single chromatogram, which caused excessive streaking of guanine. Results 
are shown for duplicate chromatograms. 
Thymidine is a  specific precursor of DNA (15, 16). Evidently neither bacterial 
DNA  nor  RNA  exchanges  atoms  with  the  simpler  precursors  of  these  sub- 
stances  at  rates  commensurate  with  rates  of synthesis during growth. 
Most  of the  analytical  methods used here have been described previously 
(17). Purine and pyrimidine C a4 was assayed after elution from the chromato- 
grams in water,  and evaporation in sample dishes.  Sample thickness did not 
exceed  0.5  mg./cm.  2  Contaminating  radioactivity  eluted  from paper  blanks 
cut from the rims of the spots varied from 17 per cent for thymine to 8 per 
cent for adenine.  Adenosine in competition with  C1%ugar reduced the radio- 148  ~UCLEXC  ACID  CONSERVATION  DULLING  BACTERIAL  GROWTH 
activity of the purines,  and uridlne  that  of the pyrimidines,  to the level of 
the blanks.  Radiographs showed that  the high level contaminants  were well 
separated from the purines and pyrimidines. 
SUXCXCARy 
In experiments of 6 hours duration, no replacement of phosphorus or purine 
and pyrimidine carbon in DNA, nor flow of these atoms from RNA to DNA, 
could be detected in rapidly growing cultures of E. coll. The slow replacement 
that has been demonstrated for many substances in non-proliferating  tissues 
of other organisms,  though it may occur also in bacteria,  is not greatly ac- 
celerated under conditions of rapid cellular growth, and  therefore cannot be 
a  characteristic feature of synthetic processes. 
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